Introduction
Ponds are closed microcosms and are not simple systems to assess, as they present great internal complexity. In contrast to lakes, ponds are small in size and low in depth. Ponds in urban and semiurban areas play a key role in natural sewage treatment and serve as tertiary waste disposal areas. Therefore, ponds maintain a unique freshwater ecosystem, providing a myriad of ecosystem services (Elton and Miller, 1954) . Zooplankton species inhabit all freshwater habitats, including polluted industrial and municipal wastewaters. Zooplankters, especially planktonic rotifers, are not only used as bioindicators for the detection of pollution load (Gannon and Stemberger, 1978) , but are also helpful for ameliorating polluted waters (Ejsmont-Karabin, 2013) . Heleozooplankton richness and abundance are influenced by geographic location and the physicochemical ambience of the water.
In most respects, limnological knowledge of large manmade or natural lake ecosystems in India is much more advanced (Ganesan and Khan, 2008; Dutta, 2011; Patra et al., 2011; Dutta and Patra, 2013; Bera et al., 2014; Ghosh and Biswas, 2015) than that of smaller derelict ponds, especially for the lower Gangetic plains (Michael, 1968; Dutta et al., 1982; Sarkar and Chowdhury, 1999; Nandi et al., 2001; De Sarkar et al., 2004; Mandal and Mukherjee, 2011; Bhanja et al., 2014; Das et al., 2015) . Little attention has been paid to the ponds in municipal areas that convert waste into wealth by handling wastewaters through natural physicochemical and biological interactions. Information on such ponds is fragmentary and, for the most part, widely scattered in the literature (Roy Goswami et al., 2008 , 2011 , 2013 . In most parts of southern West Bengal, in both villages and urban municipal areas, a good number of mostly constructed temporary and perennial ponds are silently rendering ecological service by receiving the wastewater of neighboring households, recharging ground water reservoirs, providing usable water for domestic activities, etc. Many of these ponds are utilized for pisciculture, and the wastewater is nourishing these ponds for aquaculture. Most of these small temporary or even permanent waterbodies are derelict, as they do not get attention from either the owners (in most cases, of multiple holdings and under litigation) or society for productive utilization of these important ecosystems. Waters of these unused lentic systems are usually infested with macrophytes, serving as potential breeding sites for mosquitoes; the water cannot even be used for domestic chores. Public opinion in favor of conversion of these unused ponds could easily be formed to encourage proper scientific management of these waterbodies to contribute to the local economy on one hand and to provide many other ecosystem services on the other. Because of the rapid spread of urban areas in a developing country like India and ever-increasing population growth in recent years, these derelict ponds are rapidly being converted to real estate to meet the demand for living space. Therefore, we are losing these ponds of varied dimensions and their potential before any in-depth scientific exploration of the ecosystem value of these lentic systems of the lower Gangetic plains has taken place. The present endeavor aims to provide a glimpse into the complexity and the myriad interactions of the physicochemical ambience and zooplankton community structure of urban perennial ponds receiving a constant flow of municipal wastewaters from the surrounding households of Hooghly-Chinsurah Municipality, West Bengal, India, and how different uses of the ponds would yield different zooplankton.
Materials and methods

Study area
Hooghly-Chinsurah Municipality (HCM), established in 1865, is one of the oldest municipal towns within West Bengal, with an area of 17.29 km 2 . HCM is located at the extreme northwest of an important growing region in the Kolkata Metropolitan Area. Five ponds in Chinsurah (located on the west bank of the River Hooghly at an elevation of 9.75 m a.s.l.) in HCM were selected for the present study (Figure 1 ). Table 1 presents physical descriptions of the ponds. Site 1 and Site 2 were contaminated by municipal wastewater from the abutting households. Site 3, which was managed for pisciculture, received an open municipal drain to void the untreated wastewater into the pond. Site 4 was used for household purposes by local people, like washing clothes and kitchen utensils or bathing. Site 5 was situated beside 3 cattle sheds; wastewater with a huge load of organic wastes from the cattle sheds was discharged directly into the pond. This pond was also used for bathing cattle.
Physicochemical analysis of water
The present study was carried out in the months of September 2011 to February of 2012. Hourly sampling was done between 1100 and 1600 hours; mean values are represented. Chemical parameters of water samples like pH, conductivity, and total dissolved solids (TDS) were measured electronically on the spot with Eutech PCSTestr 35 multiparameter testing equipment. Ambient and subsurface water temperatures were measured using a multiuser digital thermometer. Dissolved oxygen (DO), total alkalinity, total acidity, total hardness, and chloride (Cl -) were analyzed on the spot titrimetrically using Aquamerck field-testing kits from Merck (Germany). Phosphate (PO 4 3-) and nitrate (NO 3 -) were also measured on the spot colorimetrically using Merck Aquamerck fieldtesting devices. 
Zooplankton collection, identification, and analysis
From each sampling site 35 L of surface water was slowly filtered using No. 25 silk bolting cloth made into a conical plankton net. Collection, narcotization, and preservation of zooplankton for quantitative and qualitative studies were performed following Ahlstorm (1940) , Sharma (1979a Sharma ( , 1979b , Michael and Sharma (1988) , Edmondson (1992) , and Battish (1992) . All plankton samples were identified and analyzed using a Leica DM LB2 microscope fitted with a Leica DFC320 camera following Ahlstorm (1940) , Battish (1992) , and Edmondson (1992) . Organisms were counted on the Sedgwick-Rafter counting cell. 
Statistical analysis
, and Margalef 's richness index (D MARG ) were calculated using PRIMER 6 and PAST version 2.07 to show zooplankton community structure. H'(log e ) and D SIPM are based on the proportional species abundance in the studied area. However, H'(log e ) is more sensitive to rare species, whereas D SIPM gives more importance to common species. J / reflects homogeneity among the species. D MARG considers both abundance and species number. These indices are useful for understanding the community structure of a given ecosystem. Species number estimate (JACK1) was calculated by first-order jackknife estimate (Harris et al., 2000) . JACK1 is used to estimate the real or total number of species in the study area, as it is not always possible to sample all species. Jaccard's similarity index (S J ) is based on a quantitative presence/absence matrix of species occurrence; its values depend on the number of common species between 2 sites and the total number of species in both sites. Hierarchical cluster analysis based on physicochemical conditions and zooplankton richness and abundance are presented in the form of dendrograms to show the affinity between study sites. Dendrograms were constructed using the single linkage (nearest neighbor) method. Principal component analysis (PCA) was performed on the physicochemical factors recorded from the study sites. The PCA matrix focused on the relative importance of physicochemical factors influencing zooplanktonic diversity and density. PCA was performed with Kaiser normalization and varimax rotation. Pearson correlation coefficient values (significant at P < 0.05) between the zooplanktonic abundance and major abiotic factors of the study sites were calculated. Statistical analyses were performed using SPSS 10.0.
Results
Physicochemical conditions
Mean values (with standard deviation) of physicochemical factors recorded from the 5 different ponds are depicted in Table 2 . The pH values were almost uniform among the study sites. However, fluctuations of DO were notable among the study sites. Conductivity from the study sites varied from 431.3 to 609.7 µS. The highest mean TDS and conductivity were recorded from Site 4, while the lowest were from Site 1. Total alkalinity values ranged between 3.7 and 5.6 mmol L -1 CaCO 3 , whereas total acidity values ranged between 0.4 and 0.9 mmol L -1 CaCO 3 . Both mean total alkalinity and total acidity were lowest at Site 1. However, although Site 3 showed the lowest mean total acidity, the mean total alkalinity was second highest, contrary to the conditions at Site 1. Mean total alkalinity and total acidity were highest at Site 4 and Site 5, respectively. The highest mean total hardness was recorded from Sites 3 and 4. The freshwater ponds under investigation were characterized by low levels of chloride content. The mean lowest and highest values were recorded from Site 2 and Site 5, respectively. The highest phosphate content was observed at Site 5, followed by Site 3. The lowest and highest nitrate values were recorded from Site 4 and Site 2, respectively.
Zooplankton diversity
Altogether, 22 zooplankton species were recorded during the present investigation, including 14 species of rotifer and 8 species of microcrustaceans. Microcrustaceans included 3 species of Copepoda, 4 species of Cladocera, and a single species of Ostracoda. Table 3 represents the site-wise abundance of zooplanktonic organisms. Their abundance varied dramatically from site to site (Figure 2 ). Brachionus 3.7 ± 0.6 (3.1-4.3)
4.7 ± 0.7 (4.1-5.4)
5.4 ± 1.2 (4.6-6.8)
5.6 ± 1.4 (4.5-7.1) angularis was the only rotifer species observed to thrive at all 5 study sites. The fishpond (Site 3) showed the highest rotifer diversity (132.24 ind. L ). Microcrustacean zooplankton, mainly represented by Cladocera, Copepoda, and Ostracoda, were observed at the study sites abundantly. From study sites 3 and 5, all 3 cladoceran species, Moina micrura, M. brachiata, and Ceriodaphnia cornuta, were recorded. M. micrura was the only common cladoceran species among the study sites. Copepods were found to be the dominant (97.27% of total zooplankton abundance at Site 5 and 55.56% at Site 3) zooplankton group at all study sites (Figure 3) 
Zooplankton community structure analyses
Site-wise values of diversity indices, including the Shannon-Wiener diversity index, Simpson's dominance index, Pielou's evenness index, Margalef 's richness index, and first-order jackknife estimates, are given in Table 4 . Jaccard's similarity indices for the study sites are compared in Table 4 to compare and contrast the similarities between the zooplanktonic community structures of the study sites.
Statistical analyses
Hierarchical cluster analysis of the study sites based on different physicochemical factors placed Site 3, Site 4, and Site 5 together in a separate cluster distant from the cluster constituted by Site 2 (Figure 4a ), whereas Site 1 formed a separate cluster as an outgroup. When the analysis was carried out based on the zooplankton density at the study sites it showed contrasting clusters (Figure 4b) , where Site 1, Site 4, and Site 3 together formed a single cluster, while Site 2 formed a separate one from the neighboring cluster and Site 5 was an outgroup.
Percentages of variances were noted as 54.62% for Component 1, 22.30% for Component 2, and 16.10% for Component 3. Factor loadings (FLs) greater than 0.6 were selected as the key physicochemical factor influencing zooplankton distribution and abundance. Water temperature, TDS, conductivity, alkalinity, hardness, chloride, phosphate, and nitrate values were observed to be the significant factors influencing the zooplankton community (Table 5) .
The Pearson correlation coefficient matrix (Table  6 ) is presented to depict the positive or negative correlations between zooplankton density and the major physicochemical factors indicated by PCA. Rotifers showed a significant positive correlation with total hardness (r = 0.453). Immature cladocerans showed significant negative correlations with TDS (r = -0.934), conductivity (r = -0.931), alkalinity (r = -0.911), hardness (r = -0.866), and phosphate (r = -0.756). 
Discussion
In the present study, the ponds' higher alkalinity values indicated the high buffering capacity of the ambient water. The lower DO and higher CO 2 value at Site 5 were responsible for its higher alkalinity. Calcium and magnesium and/or some other divalent ions present in water are common sources of hardness. We mentioned earlier that lime was used in the fishpond (Site 3), which increased calcium concentration, resulting in an increase in hardness. In the case of Site 4, use of soap and detergents for bathing and washing purposes led to a higher hardness value than at other sites. High phosphate content was observed in some studied ponds (Site 5 and Site 3), indicating nutrient enrichment. The highest phosphate value at Site 5 could be attributed to the mixture of effluent containing cow dung, hay straw, etc., from the cow sheds. As all the sites directly received wastewater from neighboring households, this resulted in comparatively high nitrate values. Organic matter was decomposed into NH 4 + , which in turn converted into NO 3 -through bacterial activities. Results of hierarchical cluster analysis ( Figure  4) clearly suggested that the sites with the maximum magnitude of human activities (Site 4 and Site 5) and the wastewater-fed pond (Site 3) managed for pisciculture were similar in terms of their limnochemical conditions Among the representative species, rotifers were highest in number (14 total species in 5 study sites). A total of 32 rotifer species in the wastewater-fed fishponds of the East Calcutta Wetlands (ECW) were reported by Roy Goswami et al. (2011) . Rotifers are known to be distributed ubiquitously in freshwater ecosystems, including sewage ponds (Segers, 2008) . The diversity of rotifers as well as other zooplankton has been studied by several authors. Michael (1968) recorded as many as 30 species of rotifers from a fish pond in Barrackpore, West Bengal. Mandal and Mukherjee (2011) reported 17 species from a similar fishpond. Mukhopadhyay et al. (2007) recorded 15 species of rotifers from wastewater-carrying canals of the ECW ecosystem. In the present study, 6 rotifer species, Asplanchna brightwellii, Brachionus angularis, B. calyciflorus, B. falcatus, B. rubens, and B. quadridentatus, were also observed to thrive in wastewater-contaminated waters of the ECW system having exceedingly high TDS and chloride contents. In the present investigation, the same rotifer species were found to inhabit waters with low chloride content (30.5-53.1 mg L -1 ), indicating their euryhaline nature, corroborating the observation of Mukhopadhyay et al. (2007) . Sharma (1992) recorded the occurrence of Asplanchna brightwellii and Brachionus calyciflorus in a range of acidic and near-neutral waters. However, in the present study, they were present in an alkaline (pH 8.4-8.7) environment, although they exhibited a wide range of pH tolerance. A predatory illoricate rotifer, Asplanchna brightwellii, was recorded at Site 1 and Site 3 only, where its density was very low. However, Asplanchna brightwellii was recorded at a higher density in a comparatively more polluted wastewaterfed fishpond of ECW in a pH of exceedingly high total hardness and chloride content (Mukhopadhyay et al., 2007) . Brachionus calyciflorus was recorded from 4 study sites (it was absent at Site 2); its abundance was highest at Site 3. Gilbert (1966) reported that Asplanchna released a water-soluble, nondialyzable pronase-sensitive factor into its environment, which caused uncleaved eggs of B. clayciflorus to develop into individuals with a pair of long movable spines which neither their mothers nor unaffected controls had. These appendages protected Brachionus from Asplanchna predation. Such preypredator interaction could be instrumental in controlling the densities of these 2 rotifer species at Site 1 and Site 3. The ubiquitous presence of B. calyciflorus and their tolerance to widely fluctuating limnochemical ambience were reported by Patil and Harshey (1983) , Sharma (1992) , and Mukhopadhyay et al. (2007) . Rotifer abundance and distribution were influenced and limited respectively by predation by cladocerans, copepods, predatory rotifers, etc., along with a host of limnochemical parameters. The high diversity and abundance of rotifer species (37.90% of total zooplankton abundance) at Site 3, with active pisciculture, indicated top-down control of predatory microcrustaceans by fishes. It also indicated that these tiny wheel animalcules efficiently degraded the organic particulate wastes added to ambient water and maintained a healthy ecological status of the water. Ejsmont-Karabin (2013) pointed out that rotifers have been effectively used as agents to reduce the excess nutrient load of waterbodies. The ponds in municipal areas, therefore, could be identified as natural effluent treatment plants (ETPs) with the assistance of the different groups of zooplankton turning the wastes into wealth without exerting pressure on the national budget. The presence of high densities of cladocerans and the calanoid copepod Heliodiaptomus viduus, all grazers, indirectly indicated the possibility of a high abundance of phytoplankton in the study sites. Predatory copepods preferred to feed on rotifers, and therefore their density was higher at the study sites. Nutrient enrichment through addition of cattle shed refuse (at Site 5) into the pond positively influenced the zooplankton community structure with a bottom-up effect. The bottom-dwelling detritivore ostracod species Cyclocypris globosa appeared in subsurface sampling in the present study, suggesting it occasionally appears in surface water and flourishes in the benthic region. Although Site 3, Site 4, and Site 5 were similar in terms of physicochemical conditions, these sites had different zooplankton density and diversity. Likewise, the dendrogram constructed based on zooplankton community structure contrasted markedly with the dendrogram constructed based on physicochemical factors. As Site 5 directly received a great amount of untreated organic waste from cattle, the dominance of copepods was encouraged. Site 5 thus formed an outgroup in the dendrogram (Figure 4) , showing the highest Simpson's dominance value and highest zooplankton density due to the abundance of immature and mature copepods. However, Site 2, which exhibited the second highest dominance and density, was closely related with the cluster of Site 3, Site 4, and Site 1. These 3 sites were characterized by high H / (log e ) and D MARG values and hence clustered together. The significantly high relative densities of rotifers in these 3 sites (constituting 9.42%, 37.90%, and 11.79% of total zooplankton of Site 1, Site 3, and Site 4, respectively) also might be a reason for their clustering together. In addition to our research, physicochemical factors influencing zooplankton communities revealed by PCA were water temperature, TDS, conductivity, alkalinity, hardness, chloride, phosphate, and nitrate. In Turkey's Lake Eğirdir, according to canonical correspondence analysis (CCA), Pearson and Kendall's correlation coefficient indicated that temperature, ammonium, pH, organic substances, and chloride had considerable influence on zooplankton abundance (Apaydın Yağcı et al., 2016) . Sharma et al. (2016) also reported that in Keibul Lamjao National Park, Manipur (India), maximal temporal variability in zooplankton abundance was influenced by temperature and rainfall, as highlighted by the CCA. The limnochemical conditions of these ponds were directly dependent on the amount of wastewater inflow. Total zooplankton abundance was positively correlated with pH and phosphate. We encountered the highest zooplankton density at Site 5, where both the pH and phosphate values were highest. Rotifers were positively correlated with total hardness.
Discharged wastes have increased the quantities of various chemicals that enter the lentic ecosystems, which considerably alters their physicochemical and biological characters. Recent studies (Mukhopadhyay et al., 2007; Roy Goswami et al., 2008) focused on the effects of the various contaminants on these aquatic systems, for both physicochemical and biological components. The present study focused on the physicochemical factors and zooplanktonic diversity of selected urban ponds contaminated with municipal wastewater. It is apparent from this study that a good number of plankton species thrived in these ponds, and it could be suggested that the municipal wastewater loaded with various nutrients enriched these ponds. Therefore, these small urban lentic waterbodies, rich in zooplankton diversity, would be good for pisciculture, in turn encouraging the local economy. The occurrence of 18 zooplankton species at Site 3 indicated that the well-managed fishpond provided a healthy environment to sustain diverse zooplankton species. These ponds could very well be utilized to stabilize raw untreated domestic wastewaters of the locality as ETPs. Controlled nutrient loading could also support a host of planktonic populations that would be utilized in pisciculture. Such productive use of these innumerable ponds in the lower Gangetic plains could provide an easy avenue to generate economic resources through wastewater-fed pisciculture in these otherwise uncultivated fallow ponds. Long-term intensive ecological and environmental economics studies on these ponds would be important for the management and ecorestoration of these microcosms in a more sustainable way, rather than converting the character of the land for real estate promotion.
